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This paper will examine the link between corporate profitability, economic sustainability 
and the environmental reliability of the petroleum industry in the United States. This is an 
empirical study based on ten years of data (1996-2006). The investigation builds upon the 
earlier work of Rose (1990) involving airline safety. Rose determined “richer was safer” 
when it came to airlines; but this important research stream has not been extended to 
other classes of industry or organizations. The nature of profitability in this sector will be 
examined. Its impact on environmental reliability will be made explicit, and the nexus of 
profitability and environmental reliability to organizational sustainability will be explored 
and further developed. The link between profitability and reliability is contingent on 
managerial choices involving resource allocation for the purpose of repair and 
maintenance, equipment upgrading and acquisition of new technologies. We will argue 
for a more comprehensive and robust approach to discretionary spending that has the 
potential to improve not only the environmental reliability of the petroleum industry, but 







 This paper extends previous research into the role of resource availability on the 
reliability and safety of organizations as complex technical systems. According to the 
resource based view (RBV) the firm’s resources are bundled to enable the firm to achieve 
above average returns. Resources enable a firm to execute strategy to out perform its 
completion or to reduce its own vulnerabilities.  This paper deals explicitly with 
resources and is not focused on capabilities. The study described in this paper examines 
the relationships between resource availability and resource utilization or commitment on 
the environmental reliability of the firm. 
 Consistent with the previous literature (Feinstein, 1989) (Moses and Savage, 
1989)  (Rose, 1990) (Marcus and Nichols, 1996), (Marcus and Nichols, 1999) that 
provides the theoretical basis for this work, the focus of this study is at the level of the 
firm and not on specific production processes such as manufacturing plants and facilities.  
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The focus of the paper is on resources and reliability. Reliability is fundamental to 
understanding and achieving safety through a process of risk reduction involving all 
classes of technical systems; it is the ability of the system to maintain its function in 
routine and non-routine circumstances either anticipated or unanticipated. Environmental 
reliability is the ability of an organization to meet its environmental health and safety risk 




Literature and Theoretical Framework 
Any discussion of the role of resource availability on system performance at the 
level of a firm must address the construct of reliability. While organizational scholars 
debate the subjective nature of safety and risk as enactments of perception, this paper will 
take a more objectivist perspective by drawing upon the engineering view of reliability 
which is grounded empirically in the behavior of technical systems. As minor, untoward 
incidents increase in frequency, the risk of a major untoward incidents having more dire 
consequences increases as well. Therefore, if the number of untoward events having 
minor consequences can be reduced, the risk of a more sever event will also be reduced. 
This model of risk can be stated as: 
 
Risk = (Probability of some untoward event) (The consequence of the event) 
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According to this model, the likelihood of an event is some function of the probability of 
lesser events which can be identified and controlled. While we can not observe safety or 
reliability directly, we can observe incidents and accidents which provide insight into the 
underlying probability density function that describes the risk. Because the risk is defined 
in terms of a probability of an event times its consequence, an organization can intervene 
to reduce the risk of an outcome by reducing its probability. This is the basis for all 
modern safety programs; safety is measured in terms of the rate of some pertinent minor 
event. As incident frequency is reduced, the likelihood of a more significant untoward 
event (and its outcome) is also reduced. Therefore, safety and risk are both outcomes 
related to system reliability.  
Osborn and Jackson (1988) investigated the role of resource intensity (investment 
in nuclear technology) and earnings growth on reliability for a sample of 26 utilities 
operating 41 separate nuclear powers plants. They found higher capital investment (or 
intensity) in nuclear power technology linked to a lower rate of minor incidents. The link 
between earning growth and reliability was not significant. Surprisingly, they discovered 
for those utilities with less capital investment in nuclear technology, the number of minor 
incidents decreased with increased profit growth (as would be expected) but, for utilities 
with greater capital intensity in nuclear technology, the number of major incidents 
increased with earnings growth. Osborn and Jackson interpreted this as an indication that: 
…characterized highly committed utilities as cautious when less-profitable and 
embarking on bold calculated risks when flush. Their characterization is consistent with 
our description of a riverboat gambler (1988, 942). 
 
 Rose (1990) studied the role of resource availability on the safety of airlines 
operating in the United States during the period 1981-86.  In this work, the determinants 
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of airline safety were considered as two orthogonal constructs: safety investment (as 
resource commitment) and operating conditions (associated with environmental and 
climatological conditions) associated with the route of flights used by the specific airline. 
Rose argued:  “Air carriers chose their level of safety investment by balancing the cost of 
additional safety-enhancing investments with the benefits of reducing accident or incident 
risk” (1990, 946).  In this study, airline resources were measured using operating margins 
(as a measure of operating profitability), interest coverage (a measure of financial 
leverage), working capital and current ratio (both of which address liquidity issues). 
Airline accidents were a surrogate measure of reliability and the study attempted to 
control for the effects of weather en route by incorporating a dummy variable for flights 
operating into and out of Alaska, the total number of miles flown,, operating experience 
with the aircraft type and the total number of departures. 
 Airline accidents were rare and found to follow a Poisson probability distribution, 
as would be expected. A basic Poisson regression model was used to test the data.  Rose 
concluded airline profitability is directly correlated with airline safety (as determined by 
accident rates). Higher operating margins were associated with reduced accident rates.  
Rose further states: 
The empirical findings are consistent with models in which corporate investment, 
including investment in product safety, is affected by financing constraints, limited 
liability, and reputation formation. Although the present data are not strong enough to 
distinguish among these competing explanations, additional power might be gained from 
direct analysis of safety investment and other measures of airline quality. If the casual 
relationship between financial conditions and safety levels is casual, we would expect to 
observe similar financial effects on both safety investment levels and other aspects of 
airline quality. The results presented in this paper argue strongly for further empirical 
research along these lines   (1990, 960). 
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 Following in the path of Rose (1990), Marcus and Nichols (1996, 1999)  
investigated the relationship between resource availability and resource commitment on 
the reliability and safety of  nuclear power generated by public utilities.  They used 
Significant Events (SE) as an indicator of system reliability. Significant Events (SEs) are 
a nuclear industry specific variable that includes several related outcomes including an 
unexpected plant response, the degradation of important safety equipment, complicated 
shutdowns and unplanned radioactivity releases. Marcus and Nichols operartionalized 
resource availability  as the financial ratio Return on Assets (ROA)  and the debt to 
equity ratio, D/E. They considered resource commitment as the ratio of plant cost per 
megawatt capacity and two separate variable cost components, 1) operations, and 
supervision expense per megawatt capacity and 2) maintenance supervision and 
maintenance expense per megawatt capacity. They attempted to control for differences in 
generating strategy and regulation. They found resource availability (as ROA) had no 
statistically significant effect of significant events, but commitment of resources did. 
Interestingly, they also found regulatory scrutiny was significantly related to significant 
events (Marcus and Nichols, 1996, 1999) This finding  suggests a reactive enforcement 
posture on the part of the regulatory community where a history of SE’s  trigger more 
inspections. 
 Russo and Fouts (1997)  found support (p<.004) for their hypothesized 
relationship that high levels of environmental performance are associated with enhanced 
profitability among a sample of 477 firms that spanned all industrial sectors. They also 
found: ”..higher environmental performance is associated with higher financial 
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performance and this relationship is strengthened as industrial growth rises.” (1997, 549) 
Although the effect was modest. 
 Bowen (2002) suggests organizational slack and visibility impact environmental 
performance in predictable ways. Specifically, Bowen concludes a firm’s size is not 
predictive of environmental responsiveness, rather resource availability as slack does. 
This observation is consistent with Perrow’s Normal Accident Theory (1999) whose core 
hypothesis suggests system level risk is some function of interactive complexity and 
coupling. Coupling according to this theory is a variable that includes among other 
constructs, resource availability   conceptualized as slack resources.  
 McGuire, Sundgren and Schneeweis (1988) found ROA had a predictive 
association with Fortune magazines’ rating of corporate social responsibility. Among 
other characteristics that are used to score corporate social responsibility were financial 
soundness, long-term investment value, use of corporate assets, quality of management, 
innovativeness, quality of products of services, use of corporate talent, and community & 
environmental responsibility. The strength of the relationship during the period 1971 to 
1984 was strong (R2>0.5) and significant (p<.01). Strong ROA performance within a 
sector should reflect differences, among other things, in the effectiveness of management. 
Hypotheses 
 This study investigates three hypotheses related to resource availability and 
commitment related to firms in the same sector, petroleum refining. 
 The first hypothesis addresses changes in resource availability and reliability. 
Firms in the same industry should enjoy greater reliability (and present lower risk) with 
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greater resource availability. As resource availability increases, reliability should 
improve. 
Hypothesis 1 Firms from within the same sector that have greater resource availability 
should have greater reliability. 
 
 The second hypothesis considers resource commitment. Firms within the same 
sector that commit more resources to process and production improvement, should 
exhibit greater levels of system reliability. 
Hypothesis 2 The reliability of firms within the same sector that commitment more 
resources to system improvement through greater capital spending per unit of production 
should be more reliable than other firms. 
 
 The third hypothesis addresses capacity utilization. As capacity utilization 
increases, asset turnover increases, which in turn, improves return on asset performance. 
Therefore, as financial performance improves, resources should become less scarce and 
reliability should increase.  
 
Hypothesis 3.  The reliability of firms with in the same sector should improve with higher 
rates of capacity utilization. 
 
Methodology 
Sample of Firms 
Eleven (11) firms were included in the sample. Firms were chosen from those 
within the petroleum refining sector for which financial information could be obtained. 
During the time frame of the study (1996-2006) considerable consolidation and change 
occurred in this industrial sector. In 1996, there were 91 firms operating in the petroleum 
refining sector in the United States. By 2007, there were 51. (Leffler, 2007)  Information 
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 This investigation examines the rate of accidental hazardous substances releases 
(incidents) per unit of production. In this case the unit of production is 10,000,000 barrels 
of crude oil processed. One barrel of crude oil represents about 42 gallons of raw material 
feed stock. From this volume, roughly 62 gallons of various hydrocarbon products are 
generated. Accidental hazardous chemical releases are a measure of reliability that relates 
directly to environmental risk. Other measures include resource availability as Return on 





 Accidental hazardous chemical releases occur when such substances are instantly 
released to the environment in unanticipated and unplanned ways. These events can range 
in significance from trivial spills of slightly over 1 pound of marginally hazardous  
substance to huge accidents involving the accidental release of over 10,000 pounds of an 
extremely toxic gas such as hydrogen sulfide. All such events must be immediately 
reported to the National Response Center (NRC). Each record of a report is maintained in 
the Emergency Response System Notification (ERNS) data base which can be publicly 
accessed via the NRC website.  
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 Accidental hazardous substance releases are incidents which can be used to 
understand and measure the environmental reliability of this class of industrial firms. The 
number of such events and their frequency is directly associated with the risk of such 
firms. By definition, risk in the product of the likelihood of an event times its 
consequence. As the frequency of small, untoward events increases, reliability theory 
warns the probability of a more serious, potentially catastrophic event, also increases. 
 These events can occur anywhere in the value chain of the firms in the sample. 
They can occur during production, manufacturing, storage, transportation and 
distribution. As such, they represent a system level measure of environmental reliability 
and risk. The rate of accidental hazardous chemical releases per 10,000,000 barrels of 
crude oil processed was calculated by year (1996-2006) for each firm in the sample. 
Independent Variable-Resource Availability 
 Resource availability is measured by Return on Asset (ROA) for each corporation 
calculated for each year in the study period (1996-2006). Return on Assets (ROA) is the 
product of two key variable; profit margin and asset turnover. Petroleum products are 
commodity-like; typically characterized by low profit margins and moderate demands 
that produce sufficient asset turnover to allow for a reasonable return on assets. This 
measure is a viable surrogate of resource availability that links back to earlier work by 
Marcus and Nichols (1996, 1999) and to Rose (1990) where profit margin, an important 




2008 CHDS CIP Workshop Paper 
 11
Independent Variable-Capacity Utilization 
 Capacity utilization, expressed as a ratio of actual production to rated capacity is a 
measure of asset turnover. It is an indication of market demand as well as production 
efficiency. As such,  it is an important determinant of economic success. 
 
Independent Variable-Resource Commitment 
 Resource Commitment is measured as the ratio of Capital Spending per unit of 
production calculated for each year in the study period (1996-2006). Capital spending is a 
direct measure of the capital investment in the business. It reflects the amount of 
resources committed to upgrading, improving and enlarging productive capacity within 
the firm.  Petroleum refining is a capital intensive industrial sector. Because the amount 
of capital spending varies widely according to the size of the firm, the amount of capital 




 Figure 1 illustrates the distribution of the dependent variable, the rate of 
accidental hazardous substance releases per 10,000,000 barrels processed, during the ten 
year study time frame.  Clearly, this variable is truncated and left censored. Consistent 
with previous research in the field of accident and incident rates, statistical analysis was 
performed using Poisson regression. The Poisson has been recognized as the appropriate 
latent model for rare events such as accidents and similar incidents and their rates. These 
are rare events and their distributions are left centered, conditions which violate the 
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assumptions that support the use of Ordinary Least Squares regression for hypothesis 
testing. 
 
















































Descriptive statistics and Pearson product moment coefficients for all data used in this 
study are presented in Table 1. 






 Because there is evidence of correlation between ROA and Capital Spending/unit 
of production, the relationship between these variables was examined using Ordinary 
Least Squares Regression (OLS). Return on Assets was treated as the independent 
variable and Capital Spending/Unit of Production was the outcome variable. The R2 of 
the model was 0.049 and was significant (p<.03). The effect was small though it was 
significant. To test the hypotheses considered in this study, five Regression Models were 
created. All models used the rate of accidental hazardous chemical releases per unit of 
production as the outcome variable. The first model included ROA for each of the firms 
for the ten years associated with the study. The second model included Capital Spending 
per unit of production for each of the firms during the ten years associated with the study. 
Model three included both ROA and Capital Spending per unit of production for each 
firm during the ten year time frame of the study. Model 4 examined capacity utilization 
alone. Finally, Model 5 included ROA, Capital Spending, and Capacity Utilization. The 
data was modeled and tested using SHAZAM Version 9.0 in the maximum likelihood 
Parameter n mean standard deviation X1 X2 X3 X4 
Releases/unit of production 111 20.699 23.516 1    
ROA 111 0.074 0.159 -0.211* 1   
Capital Spending/unit of production 111 56.659 36.164 0.212* 0.222* 1  
Capacity Utilization 111 98.265 1.288 -0.353* 0.154 0.015 1 
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estimation (EPOISSON) mode. This model is appropriate when the outcome variable is 
count data or ratios as was the case in this investigation. (Northwest Econometrics, 2001) 
The results of the modeling exercise are presented in Table 2. 
 
Table 2 Poisson Regression Models: Coefficients, Significance and Fit 
 
 
Variable or Statistic Model 1 Model 2 Model 3 Model 4 Model 5 
ROA -2.6933**  -31.430**  -2.4181** 
Capital Spending/Unit of Production  0.0093** 0.0325**  0.0012** 
Capacity Utilization    -0.1589** -0.1368** 
Poisson R2 (p) 0.0961 0.0089 0.1094 0.0815 0.1597 
Poisson R2(d) 0.0732 0.0046 0.0809 0.0438 0.1116 
G2 2034.9 2185.6 2018.0 2099.3 1950.8 




Table 2 contains the results of the modeling including the coefficients for the independent 
variables, statistical significance, and measures of fit including R2(p) which is derived 
from the standardized residuals, R2(d) which is likelihood ratio index and G2, the sum of 
the deviances. The most widely used measure of goodness of fit for Poisson models is the 
G2.  In the interpretation of Poisson regression models, the smaller the value of G2, the 
better the fit. (Greene, 2000) 
 Model 1 relates accidental chemical releases per unit of production to return on 
asset (ROA) performance. The coefficient of ROA is significant (p<.01) and the sign of 
the coefficient is directionally consistent with Hypothesis 1.  Model 2 relates accidental 
chemical releases per unit of production to resource commitment as determined by capital 
spending per unit of production. Again, the coefficient of Capital Spending per unit of 
production is significant however its sign is not directionally consistent with Hypothesis 
2. The G2 of Model 2 shows no improvement over Model 1 (2034.9 vs.2185.6) and the 
2008 CHDS CIP Workshop Paper 
 15
difference in the Log of the Likelihood functions between Model 2 and Model 1 indicates 
Model 1 is significantly (p<.01) more powerful. When ROA and Capital Spending per 
unit of production are included in Model 3, both coefficients are significant (p<.01) but 
only ROA is directionally consistent with the expectation of fewer accidental hazardous 
chemical releases.  Model 3 shows significant (p<.01) improvement over Models 1 and 2 
based on its G2 (2018.0) and the log of its Likelihood Function (-1250.67) suggests 
significant (p<.05) improvement over Model 1. This finding suggests both resource 
availability (as ROA) and capital spending per unit of production are significant factors 
influencing the environmental reliability of this class of firms. Although the  
directionality of the effect associated with capital spending is surprising. Model 4 simply 
investigates the effect of capacity utilization by itself.  It’s effect was statistical 
significant (p<.01) in the model. Model 5 includes all three effects, ROA, Capital 
Spending per unit of production and capacity utilization. The final model yields  the 
lowest value of the G2 parameter which indicates the best fit  among the other models and 
its log of the Likelihood function is significant (p<.01) when compared to the other 
models. 
 Because the outcome variable was overdispersed, which is a special case of the 
Poisson distribution, further modeling was performed using negative binomial regression 
(NEGBIN model in SHAZAM Version 9.0). The results of the Negative Binomial 
Regression modeling are presented in Table 3. The results of modeling the effects 
associated with ROA,  Capital Spending per unit of production and Capacity Utilization 
using Negative Binomial  Regression closely follow the Poisson modeling outcomes. 
Again, Model 5 which included the three effects, yielded statistically significant (p <.01) 
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coefficients for all three effects; although small, the highest value of R2 and a significant 
(p<.01)  Log of the Likelihood function compared to Models 1 & 3.  
 
Table 3 Negative  Binomial  Regression  Models: Coefficients, Significance and Fit 
 
 
Variable or Statistic Model 1 Model 2 Model 3 Model 4 Model 5 
ROA -29.2401**  -31.4321**  -27.9140** 
Capital Spending/Unit of Production  0.0061* 0.0325**  0.0033** 
Capacity Utilization    -3.2258** -2.9940** 
R2  0.0383 0.0079 0.0452 0.0324 0.0705 





 This investigation provides support to the notion that resource availability as 
suggested by Return on Assets is negatively related to accidental hazardous substance 
releases. The greater the ROA, the lower the rate of accidental releases in the sample of 
11 petroleum refining firms during the 10 year period, 1996 to 2006. This finding is 
entirely consistent with Rose (1990) and our expectations. In the field of finance, ROA is 
considered a basic measure of the efficiency with which an organization allocates and 
manages resources. If a corporation desires to improve its ROA, it must increase its profit 
margin and/or its asset turnover. In the petroleum refining business, which is commodity-
like and dominated by economies of scale, profit margins typically are less than 10% 
with asset turnovers typically equal to or greater than 1.  
 That ROA is inversely related to accidental chemical releases per unit of 
production suggests those firms who are more effective at generating profit and  turning 
over assets are measurably and significantly more reliable and hence safer. Interestingly, 
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this finding also suggests a paradox that could occur as the result of management 
initiatives to improve ROA through rapid inventory turnover (such as Just-In-Time 
Inventory Control) which have the potential to simultaneously improve reliability by 
generating more resource availability as suggested by increased ROA while making the 
system more tightly coupled, which according to Normal Accident Theory would make 
the organization more prone to catastrophic outcomes. (Perrow, 1999)    
 Profit Margin, the other component of ROA, is determined through pricing 
strategy and through the control of operating costs. Given the fact that hydrocarbon fuels 
are commodity-like products, manufacturing scale dictates pricing; which is to say, the 
largest producer can set price. All other firms in the sector must rely on effective 
management of operating costs to achieve a favorable profit margin. Perhaps the 
improvement of profit margin through organizational initiatives including Total Quality 
Management (TQM), Continuous Process Improvement, Six Sigma, and the 
implementation of comprehensive Process Safety Management programs underway since 
the mid-1990’s  has resulted in improved ROA through increased reliability. 
 To see if there is a trend in the rate of accidental hazardous chemical releases per 
unit of production, the mean rate for the first five year period (1996-2000) was 
calculated. During this period, the mean rate was 23.75 releases per 10,000,000 barrels 
processed. The mean rate during the subsequent five year period (2001-2006) was 22.12 
releases per 10,000,000 barrels processed. This difference is significant (p<.05). During 
the same periods, the mean ROA for the firms in the sample increased from 2.76% to 
11.76%.  This finding is particularly interesting as it also reflects the period preceding 
and immediately following the change in political control of the executive branch of the 
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United States from the Democrat Clinton to the Republican Bush administrations. This 
period is believed by many to represent a change in national environmental policy from a 
more environmentally concerned federal government to one that is less committed to 
environmental outcomes. As for environmental reliability, as determined by accidental 
hazardous chemical releases, there was no detrimental effect observed in the sample of 
petroleum firms. While ROA increased so did the environmental reliability (the 
improvement was small but significant) of the 11 firms represented in this sample. 
 This research addresses a small, but never the less, significant factor in 
understanding the nature of risk associated with the petroleum processing sector. Profit 
margin has a small, but significant role as a factor in determining ROA as well as 
environmental reliability. This is an important realization because it has some interesting 
ramifications. Many, including Perrow (2007) have argued  “…this is a wealthy highly 
profitable industry. We should expect more of it (regarding its environmental 
reliability)…” Perrow argues its size is problematic, that big corporations are necessarily 
riskier than smaller ones. (2007) His assertions are not necessarily supported by these 
findings. The largest firms did not experience greater rates of accidental releases per unit 
of production. In some cases, they experienced fewer net releases than several of the 
smaller firms. Indeed, some of the smaller firms experienced excellent environmental 
reliability, but such results did not follow the size of the corporation. Nor did Return on 
Asset (ROA) performance follow the size of the firm. However, it is the case that 
commodity economics is closely related to economies of scale, and, cetris paribis, larger 
manufacturing facilities are generally more efficient. As to whether this sector could be 
described as “wealthy”, the Return on Asset performance demonstrated by the 11 firms 
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represented in the sample lags many other sectors during the same time period. While the 
term “wealthy” is entirely subjective, those who share Perrow’s perspective can take 
comfort in the fact that wealthier is safer at least in this sample. 
 Additional work is warranted to further identify and develop the theoretical 
linkage between finance and environmental reliability. More work is needed to fully 
appreciate how environmental reliability in enacted as a consequence of resource 
availability. Does organizational slack result in programmatic initiatives that enhance 
reliability?  Certainly, corporate decisions do use ROA as a guide and include the 
acquisition of new technology, research and development, and production capacity 
increases. The issue is made more perverse by the fact that growing financial losses can 
lead to greater risk taking by decision makers. Shapira (1995) This suggests reliability 
can be tacitly sacrificed for short term financial improvements in underperforming 
organizations. Such decisions could impact environmental reliability directly and 
indirectly. 
 There is evidence that corporate decisions concerning resources have 
compromised safety and reliability.  According to Snow (2007): 
Cost cutting efforts created a culture at BP America, Inc. that lead to compromises of 
system integrity at its Alaska North-slope oil-gathering pipelines and workplace safety at 
its Texas City, Texas refineries…Virtually all of the seven root causes identified for the 
Prudhoe Bay incident have strong echoes in  Texas City said U.S. Chemical Safety Board 
Chairwoman Carolyn W. Merritt …Both reports point to significant budget and 
production pressures in driving BP’s decision-making-and ultimately harming 
safety…Both investigations found deficiencies in how BP managed safety of process 
changes…Other common findings include flawed communication of lessons learned, 
excessive decentralization of safety functions and high management turnover…One of 
the primary finding in the (Chemical Hazard Safety Board’s) report was that cost cutting 
and budget pressures from BP group executive managers impaired process safety at 
Texas City…and…BP field managers were under extreme pressure to cut costs in Alaska 
(2007, 30). 
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The combination of these factors are attributed to be the underlying causes of a series of 
accidental hazardous substance releases in BP facilities located in the United States. BP 
America, Inc. was included in the sample of 11 firms represented in this study. During 
the period 1996-2006, it averaged significantly fewer accidental releases of hazardous 
substance per 10,000,000 barrels processed than the average of 22.63 for the other 10 
firms in the sample.  However, its average return on asset (ROA) performance was less 
than the average of  7.89% for the other 10 firms during  the period 1996-2006.  
The effect of capital spending per unit of production on the rate of accidental 
releases of hazardous chemicals was unexpected. The directionality of this relationship 
suggests increased capital spending is associated with decreased environmental 
reliability. This contradictory finding is difficult to explain and it is counter intuitive. The 
literature suggests increased capital spending is a reactive outcome, which in certain 
cases could explain why increased spending was associated with higher rates of 
accidental releases. The capital spending associated with such organizations could be an 
attempt to improve operations, reliability and margins. However there may another 
explanation for this phenomena documented in the literature of organizations. 
 Sterman (2000) modeled the effect of cost cutting associated with reduced 
preventative maintenance in the chemical sector. During the recession of 1974, the 
chemical industry faced the economic dilemma of increased operating costs coupled with 
intense pressure to hold down the pricing of its commodity products and Sterman (2000, 
70) notes: “Under intense financial pressure, all plants and functions had to cut costs”  As 
preventative maintenance is reduced (as a cost cutting-measure) savings accrue for a 
short period until uncorrected equipment defects increase the breakdown rate reducing 
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the on-stream performance of the plant. Based on the ten years of data collected for this 
study, a significant (p<.01) negative relationship exists between capacity utilization and 
the rate of accidental hazardous chemical releases per unit of production. As on-stream 
utilization decreases, the rate of accidental releases increases significantly. 
 When preventative maintenance is reduced as a cost cutting measure, reactive 
maintenance increases. Sterman observes:  
A higher breakdown rate increases costs (due to overtime, the nonroutine and often 
hazardous nature of outages, the need to expedite parts procurement, collateral damage, 
etc.) The resulting pressure to cut costs leads to a reduction in the quality of parts, 
increasing equipment defects and leading to still more breakdowns and still higher costs. 
Cost pressure also reduces investment in equipment upgrades and other design 
improvements, so breakdowns increase further (2000, 70-71). 
 
Carried to its conclusion, such cost cutting will lead to the failure of manufacturing 
systems that will ultimately require replacement. Such replacement costs would lag the 
initial cost cutting measures by some period of time. The effect could be increased capital 
spending to replace the production equipment prematurely debilitated and worn out as the 
consequence of cost pressure and ill-advised attempts to find savings in operational 
budgets. Consistent with the observation of the positive relationship between capital 
spending per unit of production and the rate of accidental hazardous chemical releases 
per unit of production, as equipment wears out and breakdowns more incidents, accidents 
and other untoward events will occur, perhaps to a peak in frequency and magnitude until 
the organization decides to take action by making capital investment in the replacement 
of the failing or failed technology. Thus, it would seem reasonable that increased capital 
spending in such circumstances would be accompanied by an elevated incident rate 
including hazardous chemical release accidents. Marcus and Nichols shared this 
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perspective and elaborated upon it terms of how organizations use accidents and incidents 
as signals of impending risk for the purpose of resource allocation. They note: 
Organizations operate in a broad spectrum of acceptable performance that includes many 
factors. The problems they face typically arise from the fact that they must respond to 
constraining requirements, for example he need to be safe as represented by regulators 
and a need to make money as represented  by share holders. A safety boarder may be 
seen as a set of boundary conditions around economics, work effort and safety which 
organizations are drawn to overlapping by a desire to optimize on the other dimensions. 
The feedback they receive as they approach a safety boarder may be weaker and more 
ambiguous than the feedback they receive when they approach other boundaries such as 
economics  (1999, 484). 
 
 Of course, riverboat gambling behavior aside, warning signals must be recognized 
and heeded to keep the organization from harm. Heeding warning signals may require the 
commitment of resources to prevent undesirable consequences. When resources are 
available, management must recognize the warning signal and decide on an appropriate 
course of action with the appropriate commitment of resources. When resources are not 
available, there are fewer options available to the organization. Under conditions of 
resource scarcity, a higher rate of incidents including the accidental releases of hazardous 
chemicals becomes inevitable.   
At this point, the economic viability of the firm becomes threatened as the consequence 
of lost production and the unreliability of its technology.  The sustainability of the firm is 
degraded and the risk of organizational failure increases. An example of this type of 
failure is Tosco Corporation, whose cash strapped refineries were plagued by accidents 
and incidents during the period 1995-97 culminating in a catastrophic accident at one 
refinery that killed 1 and injured 46. (Wolf, 2001)   Tosco ceased to exist after it was 
acquired by Phillips who later merged to become  Conoco-Phillips; its extinction was the 
2008 CHDS CIP Workshop Paper 
 23





The conclusions of this study include the realization that environmental reliability as 
determined by the rate of accidental hazardous substances releases for the sample of  
eleven firms was significantly (though modestly) related to return on asset performance. 
This finding is entirely consistent with previous studies, including Rose (1990) that 
suggests a link between safety (as reliability) and financial performance, specifically 
ROA. 
 
The observation that capital spending per unit of production was negatively associated 
with environmental reliability was a surprise. Although, it is possible to posit a plausible 
explanation as to why this is he case, further research into the underlying salience of this 
observation is warranted. 
 
The nexus between organizational sustainability and environmental reliability is 
suggested by  return on asset performance. When ROA is less than the sector average, the 
long term viability of all but the largest firms operating in a commodity market are 
threatened. Recent research in the field of managerial risk taking suggests as ROA 
decreases, managers are more willing to forego long term benefits, such as improved 
reliability in exchange for short term organizational survival. Under such conditions, 
environmental risks, along with other externalized sources of risk, appear to increase and 
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managerial decision making becomes more contingent and survival focused. Under these 
conditions, short term goals become dominant and  long term reliability is discounted.  
 
For improved environmental reliability, resources are required. Return on asset 
performance is an important barometer of resource availability. As such, it can serve as a 
warning indicator that some organizations (and their managers) may be approaching what 
has been described as a  border of safety. As the  reliability of the system decreases, 
management should be prepared to heed the warning provided by an increased frequency 
of incidents, accidents and untoward events. 
 
To fail to do so is to gamble with the firm. There are limits to the sustainability of any 
enterprise.  In time, growth will cease and decline will ensue. During the late stages of 
maturity and decline, resources may become increasingly scarce. When an organization 
reaches this stage, management should not socialize the cost of reliability by transfer such 
costs to the public through increased rates of accidental hazardous chemicals; releases to 
the environment. The commons can not be expected to subsidize, through degradation 
and the public by exposure to excess risk, the existence of any firm that is no longer 
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